Many governments are seeking to improve the translation of medical research innovation by developing mechanisms to aid the flow of information between the laboratory and the clinic. The intention is that the combination of new research insights and the use of next generation sequencing technology in the clinic will lead to more and better personalised medicine outcomes. However, existing healthcare structures often maintain the sharp line between research and the clinic, which slows down the bidirectional flow of information that is needed to enable effective translation. At the same time, within the biobanking field, infrastructures are being built to enable more efficient and better quality research. As with translational research, there are a number of challenges for these biobanking initiatives. Questions remain as to the best way to utilise biobanks for translational research. Other challenges are how to ensure the sustainability of individual biobanks and the biobank infrastructures that are being developed. Sustainability requires public support for long-term funding, as well as the on-going commitment of patients and research participants to provide the raw material for biobanks and regular use by researchers. One possible solution to the challenges that are found in these two areas is to embed a biobank within the healthcare structure and to use it for healthcare and research purposes simultaneously. This paper discusses the CuraRata and the EnCoRe dynamic consent models that in combination could provide sustainability for biobanks and at the same time enable translational research.
The National Human Genome Research Institute (NHGRI) vision for genomics published in Nature [1] in February 2011, highlighted the importance of biobanks to support translational research and the development of genomic medicine. While acknowledging that advances in genomic medicine (clinical care based on genomic information) have been few [2] [3] [4] [5] [6] , the paper anticipates that from 2020 this could radically change with new innovations having greater clinical application and personalised medicine becoming more routine. Reaching this goal will depend upon the further development of existing infrastructure, such as biobanks, as well as the assembly of data sets of sequence information of higher quality and comprehensiveness than currently exists and the linkage of this information to data gathered in the course of actual clinical care, such as in electronic medical/health records [7] . However, as the paper acknowledges, moving from a vision statement into implementation, is notoriously difficult and will involve considerable effort and time by many people in different disciplines. The purpose of this paper is to present a translational research model that embeds a biobank into the healthcare structure as a first step to enable greater translation in personalised, genomic medicine. This model is based on the CuraRata model being developed in Leiden in the Netherlands and is one that is being assessed for use at the University of Oxford in the UK. The aim of this model is to enhance the possibilities for innovation in translational research and personalised medicine. This paper will firstly describe some of the current challenges in translational medicine and biobanking that may be solved by using such a model and then articulate how embedding biobanks within clinical care may lead to better translational research opportunities.
CHALLENGES IN TRANSLATIONAL MEDICINE
There has been considerable investment in improving translational medical research outcomes, and leading examples can be found in the USA, Canada, the Netherlands, Singapore and the UK. There are many definitions of 'translational research' but at its simplest it means taking the findings from laboratory research and implementing these in a clinical setting -from 'bench to bedside'. The investments in translational research initiatives have been spurred by the realisation that 'the creation of novel treatments remains protracted and expensive' [8] , new discoveries are not delivered swiftly to patients [9] [10] [11] , and population-wide strategies using cheap, simple, and efficient interventions are not effectively implemented [12] . However, this is not simply a question of creating new knowledge. New discoveries have not automatically led to improvements in healthcare. Although we have seen considerable advances in understanding the molecular, genetic and cellular origins of disease, there has not been the capacity within the current scientific and clinical structures to turn these into 'new paradigms to improve the health and quality of life of individuals, communities and populations' [13] .
One of the reasons advanced for the poor track record in translational research is that the current interface between the research and clinical domains does not allow for the bidirectional flow of knowledge between the bench and the bedside that could lead to innovation [14] . Within most jurisdictions there are different regulatory regimes for healthcare and for research, and these do not necessarily lead to an integrated approach for translating knowledge into healthcare benefit for patients. Research and treatment are largely carried out under different institutional frameworks and are based on different professional cultures, regulations and guidelines. There are also significant differences between the practices of public institutions and commercial entities. Translational research often fits in the grey area between these two regimes. As a result, there can be a clash of cultures, or a lack of multidisciplinary understanding which can make the verification of findings and the translation of research results difficult [15] . Government policies are aimed at trying to make the relationship between healthcare and research closer, and the translation of research results faster and more efficient. However, these different regulatory domains mean that innovations can still take considerable time before they are clinically implemented.
To enhance the possibilities for translational research, it has been argued that there needs to be a more intimate interface between the research and clinical domains [16] ; a transformation in professional culture that rewards science practiced as part of interdisciplinary teams, rather than the current silos that reward individual contributions [17] ; and the investment in informatics to enable disparate biobanks and data systems to be used for research as well as to inform operational and clinical decision making [18] . Advances in IT could facilitate this, as informatics provides the possibility to link, mine and use datasets for both clinical and research purposes simultaneously which has the potential to enhance translational research opportunities. For translational research to become more routine there also needs to be a paradigm shift from a focus on the development of 'new therapeutic modalities for disease palliation, to the assessment of risk and the science of wellness and disease prevention' [19] and a move towards the realm of personalised healthcare solutions. This requires a reformulation of the relationships between health care providers and research institutes, as well as between patients, research participants and researchers; greater harmony between different regulatory regimes; and a cultural change to align clinical and research activities more closely with translational objectives.
CHALLENGES IN BIOBANKING
Over the past ten years, considerable effort has been put into the development of tools -software, protocols, procedures and governance mechanisms -required to establish and run biobanks as resources for research by a number of organisations, such as P 3 G (www.p3g.org), biobanking societies such as ISBER (www.isber.org), ESBB (www.esbb.org/), The Marble Arch Working Groups (www.oncoreuk.org), and IARC (www.iarc.fr). European-funded projects such as PHOEBE and BBMRI (http://www.bbmri.eu/) have focused specifically on developing harmonisation and standardisation tools for biobanks. These activities in combination have had a considerable effect on the development of best practice in the biobanking field. Now, as a number of biobanks have been established de novo, we are moving into a new phase of infrastructure development where existing disease-based research collections are being networked through a 'hub and spokes' model in member states across Europe. The pan-Europe biobanking and biomolecular research infrastructure (BBMRI) aims to 'improve the accessibility and interoperability of the existing comprehensive collections, either population-based or diseaseorientated, of biological samples' and their associated information to build 'a globally unmatched, Europewide platform for translational medical research' [20] . Over the past years, these plans have gained momentum as 9 countries across Europe have made a total investment of €97.8m to fund national BBMRI infrastructures to co-ordinate biobanking at a national level. Some of these biobanks have been developed through the clinic and others are the result of research activities. However, one of the challenges for all of these initiatives is how to recover the costs of curating and maintaining the BBMRI coordinating structures and individual biobanks in the long term.
Another challenge as we move to these 'networks within networks' of biobanks is how to engage the public and to protect the interests of participants who have contributed to the various clinical collections, research projects and biobanks that will be a part of these wider networks. Our current governance systems for research are nationally based with oversight primarily by institutional research boards (IRB's) or research ethics committees (RECs) in conjunction with other government bodies. In all jurisdictions there are legal requirements embedded in human rights or information law, as to how to protect the privacy of patient and research participants. One of the basic principles for research is that consent from the individual must be obtained before the research commences and this is also a condition of privacy and information law. There also exist a number of exemptions to this basic principle for different types of medical research. In the case of biobanks, the only practical solution has been to obtain a broad consent to future research uses, as all research uses and researchers cannot be obtained at the time of recruitment. This trend is still highly debated in the bioethics community [21] . Best practice in biobanking requires that information and samples are also coded to protect the identity and privacy of individuals, particularly if information is shared. There are a number of examples of biobanks that are used for translational research which rely on anonymisation and coding techniques and opt out consent (e.g. UCLA CTSI: http://www.ctsi.ucla.edu/, Washington University Institute for Clinical and Translational Sciences: http://icts.wustl.edu/). Both coding and anonymisation are often used as a way to protect individuals when consent for new research uses maybe difficult to obtain. As wide-scale data sharing increases through the building of biobanking infrastructure and the use of next generation sequencing technologies become more wide spread, it is increasingly difficult to anonymise data and this raises concerns about how best to protect privacy [22] . Privacy is often associated with control over the use of personal information as described by Lord Justice Law of the English Court of Appeal: … subject to [certain] qualifications … an individual's personal autonomy makes him -should make him -master of all those facts about his own identity, such as his name, health, sexuality, ethnicity, his own image … and also of the 'zone of interaction' … between himself and others. He is the presumed owner of these aspects of his own self; his control of them can only be loosened, abrogated, if the State shows an objective justification for doing so (Wood v Commissioner of Police for the Metropolis [2009] EWCA Civ 414 at §21). Medical research is often regarded as one area where exemptions to this human right can be justified. However, there is increasing empirical research showing that individuals want to know how their personal information is being used and they want to be asked for consent in the case of data sharing [23] . How much control an individual may want over their personal information can be context specific and will depend upon the degree of public trust that an institution or biobank has. Therefore, careful attention needs to be given to the on-going relationship between research participants and a biobank.
Establishing and maintaining a biobank requires long-term commitment and wide-scale support from the public in order to sustain the high participant levels that are required, ensure public trust and to recruit participants who are willing to be re-contacted for involvement in future research projects. This has also been a significant challenge for clinical trials used for personalised medicine that must screen a much larger pool of potential participants to identify those that have the characteristics of the disease and this means that patient recruitment has been a major stumbling block in getting trials completed on time [24, 25] . In the case of translational research, governance mechanisms need to be developed to facilitate recruitment for research within a clinical setting; to establish management pathways to feed back research results and incidental findings to individuals, [26] [27] [28] to recruit people into additional studies; to develop mechanisms to establish partnerships in research; establish what patients want to know about the research conducted on their samples and information; and whether they are concerned about ownership issues [29] [30] [31] and commercialisation [32, 33] . A more dynamic relationship is needed between participants and the research community to address these concerns, and new models of governance based on participant involvement need to be developed [34] [35] [36] .
The sustainability of biobanks will also depend upon having a resource that is attractive to researchers. This means that the biobank must hold high quality, well-characterised samples and accompanying data that can be used for many different research studies. The attractiveness of a resource for research purposes also requires access approval systems that are not unduly bureaucratic but have a quick turn around and can fast track low-risk research proposals. In addition, appropriate rewards and incentives need to be developed for clinicians and researchers to collect samples and information to continue to maintain the resource. There are a number of examples of best practice in biobanking, but two current and related issues still need to be resolved. These are the development of access policies with cost recovery pricing models and how to recover the costs of running a biobank once the initial funding has ceased.
Developing a sustainable business model for biobanks has to incorporate some incentives for collectors by covering the costs of curation but also offer rewards for innovation. Attention needs to be given to developing intellectual property models and allowing access to pre-competitive data while still enabling innovation to be rewarded. Wide scale data sharing rationales can conflict with intellectual property frameworks, which are traditionally regarded as important for translation. Views on the appropriate role of intellectual property in innovation can be polarised, with some believing that intellectual property rights are necessary for translation and others believing that intellectual property creates monopolies, limits competition, and allows patentees to establish high prices, resulting in global inequalities in terms of access to drugs [37] . For new research infrastructure or biobanks, embedded in a research context where open access and data sharing are promoted as being drivers of innovation, there is a need to move away from the business model of establishing high intellectual property barriers. Intellectual property rights can be used as tools to sustain and maintain innovation through building new models of collaboration and trust [38] . However, there has been little research to understand how this might be done in the field of genomics and biobanks.
THE MODEL
The CuraRata model [39] in the Netherlands is designed to promote translational research by embedding a biobank within the healthcare structure. In this model, information and samples derived from a clinical setting can also be used for research purposes, but in turn be used to guide prevention, diagnosis and treatment. As well as enabling translational research, this model also provides a solution to some of the challenges that have been identified in the biobanking field, such as financial sustainability and ensuring the viability and attractiveness of the biobank for researchers and industry. In combination with the EnCoRe patient interface it also provides the basis to address privacy concerns by placing patients at the core of the translational pathway. The discussion that follows considers how the CuraRata model in combination with EnCoRe 'dyna- mic consent' patient interface, might be a suitable model to embed a biobank within a university research hospital setting (Fig. 1) .
This model firmly anchors the biobank within the healthcare structure with the dual purpose of being a tool for translational research but also for clinical care and potentially personalised medicine. Patients are central to this model, as they are the suppliers of samples and data for research purposes but they are also the focus of healthcare delivery. Personal medical data and samples gathered routinely as part of the clinical diagnosis and treatment process can be accumulated in a linked electronic record system and biobank to be accessed for research purposes in real time. This bidirectional flow of data and samples has the potential to bring the interface between the clinic and research closer together so that the possibilities for translational research are increased. Figure 1 (adapted from the Cura-Rata literature) illustrates how information flows from the clinic through the biobank and then can be used in the clinic for personalised medicine approaches.
The EnCoRe 'dynamic consent' interface [40] enables research participants to have a dynamic, interactive relationship with the custodians of biobanks and the research community -what we call a 'dynamic consent' -using web 2.0 technologies. This is in contrast to the one off broad consent that is currently the only practical solution for many projects or biobanks. Rather than researchers having to anonymise research data to enable secondary research that was not envisaged at the time of collection, using EnCoRe, the custodian of the biobank can directly contact a donor for informed consent for this unanticipated new research use. This ensures that the highest ethical and legal standards are maintained, which in turn supports high levels of research integrity, patient confidence and public trust. This software can facilitate recruitment for research within a clinical setting; provide management pathways to feed back research results and incidental findings into the clinical record; recruit people into additional studies; and provide patients with information about the research conducted on their samples and information. The use of dynamic consent interface allows patient samples and data to be tracked across research studies to remove bias and erroneous identification, provides a mechanism for re-contacting individuals for recruitment into new studies, and could be used as a basis for cutting down on research ethics oversight for secondary research.
IMPLEMENTATION CHALLENGES
To implement the CuraRata and EnCoRe models will require a clear strategy, resources and significant changes to existing practice, procedures and governance structures. This is because most hospital and clinical settings are designed to keep treatment and research as distinct areas, even though this is detrimental to translation. These requirements are enshrined in law and enforced by a number of governance procedures, practices and policies. The possibility that all people entering the hospital or clinic become part of a cohort, and are given a baseline assessment that can be used for clinical care but also for research purposes, changes the relationship between the patient and health care professionals. To ensure that this is clearly understood by patients will require a series of public engagement activities so that people are aware of how their information will be used but also to ensure that there is strong community support for such a change in practice and orientation. Establishing what patients want to know about the research conducted on their samples and information; and whether they are concerned about ownership issues [29] , and commercialisation [32] will be essential. Such engagement will help to foster the long-term commitment and wide-scale support from the public in order to maintain high participant levels, engender their trust and to ensure that there are participants who are willing to be re-contacted for involvement in future research projects.
Patients will need to know that personal information will be accessible to third party researchers that will include commercial partners and that because of the richness of the data and samples held in the biobank they may be 'distinguished', but not necessarily identified, in the data set from other patients [41] . However, because of the dynamic consent model, patients will be able to be informed about all the uses of their data, so that they will know how their data are being used and who is using it. This level of transparency and accountability, as well as assurances that access will only be permitted by bonafide professionals bound by contractual agreements of confidentiality, will encourage trust and participation. Therefore, for patients the issue of being distinguished in a data set rather than being anonymous, may not be of great concern because of the safeguards in place for data security, and that the use of the dataset will have benefits for others as well as their own healthcare. Explaining how data will be used and by whom is also in conformity with best principles of data protection legislation and privacy law. However, the exact details of how data is used and under what conditions, will need to be determined for each institution as ideas about acceptable levels of privacy breaches are context specific. Therefore, implementation will require careful consultation and engagement with patients as well as healthcare professionals to develop models of best practice.
To use the dynamic consent model and embed a biobank in the healthcare structure, will require that flows of patient information are redesigned and protocols are developed to ensure that samples and patient information can be used for both clinical and research uses while at the same time the interests of patients are protected. Policies and protocols are needed to determine who can have access to such data and for what purposes, and to articulate the transparent and accountable oversight structures to protect patient privacy and ensure fair access to the biobank samples and information. This requires the inclusion of patients in key decision-making bodies to enable flexible decision making that can address the wider concerns of the community. Care will also need to be taken to develop partnerships with industry so that innovation can be encouraged as well as the commercialisation of findings and results.
One of the biggest challenges will be aligning the governance mechanisms to enable the bidirectional flow of information and samples through the biobank into either the clinical or research domains. The current ethical and legal differences between these domains make it difficult for translational research strategies. The effect of these differences must be carefully understood and articulated before any changes are made to bring them into alignment. It is important that these different areas maintain their contextual integrity, but that they can be pulled together, like the teeth in a zipper, as integral parts of this translational research model. To enable this, governance mechanisms need to be developed to facilitate recruitment to the biobank and research within a clinical setting; to establish management pathways to feed back research results and incidental findings to individuals [28] , to recruit people into additional studies once they are a member of the biobank; to develop mechanisms to establish partnerships in research between clinicians and researchers; professionals, patients and the community. This also requires an institutional cultural change to align both the clinic and research activities more closely with translational objectives. These complex organisational, operational and governance challenges are not yet fully articulated or understood and require further investigation and attention.
CONCLUSION
Embedding a biobank within a healthcare setting has the potential to address many of the challenges that have been identified in the translational research setting and in the biobanking sector. Such a model enables the bidirectional flow of information between the clinic and the research context to enhance translational research. It also addresses some of the issues of on-going recruitment and sustainability of the biobank. However, to achieve this vision requires new kinds of partnerships, governance, organisational and administrative structures to align the clinical and research activity towards translational research objectives. This is not an easy task and will require institutional commitment, cultural and organisational change and the formulation of new requirements for the grey area of translational research and IT resources to enable this to be implemented. Further pilot studies are needed to test this model so that we can start to fully capitalise on our existing resources and increase the possibilities for advances in knowledge and the way that healthcare is delivered.
